Tap chi Khoa hoc va Cong nghé 53 (5) (2015) 646-653

NGHIEN CUU CHIET TACH DAU TU SINH KHOI VI T AO HQ
BOTRYOCOCCUSSPLAM NGUYEN LI EU CHO QUA TRINH
TONG HQP BIODIESEL

Nguyén Trung Thanh, Nguyén Ping Toan , Pinh Thi Ngo

Truong Pai hoc Bach khoa Ha 8, 1 Pai Co Viét, Ha Noi
"Email: dangtoanbkhn@gmail.com
Dén Toa san: 20/10/2014; Cp nhin dang: 16/3/2015

TOM TAT

Bai bao nay nghiénu cacdiéu kién céng ngh cia qué trinh trich li #u tir sinh kibi vi
tao khd by Botryococcusbao gm anh hrong aia nhit do, thoi gian va cac dung mdi khac nhau
sir dung trong qua trinh trich li. Cac dung naigc lva chpn bao @m n-hexan, n-heptan, toluen,
etanol, isopropanol, am hop aia n-hexan/etanol vadh hop n-heptan/isopropanol. Tiéu athd
khao séat cadliéu kién cong ngh dua trén héu suit trich li diu c6 trong sinh kbi vi tao kho hy
BotryococcusKét qua cho thiy trong caadiéu kién khac nhau, B stit trich |i thaydoi va dat
hiéu stit cao nlat 1a 37,36 % so & khéi luong sinh kidi khé khi sr dung k& dung méi n-
hexan/etanol cd 1é thé tich 2/1, i nhiét do trich li 60°C va thvi gian trich li 10 gb. Phrong
phap GC-MSdugc si dung dé xacdinh thanh phn héa lc aia diu vi tao, két qua chi ra laai
dau nay clira not lugng lon hydrocacbon — mhyeu la n-heptadecan, béanh thanh phn chinh
cua diu la cAc triglyxerit va cac axit béo to. Diu c6 ch sd axit cao, cling © ham lrong axit
béo tr do lon.

Tur khoa:trich li, vi tao, Botryococcussinh Kdi.

1. GIOI THI EU

Vi tao la not trong nling loai nguyén lgu co trén vong nHit cho qué trinhdng hop
biodiesel do céat nhiéu wu diém nhr nang stt cho diu I6n, cé tit nudi tvng dugc Mot cach @
dang trong méi trong nréc ngpt, nudc man, thim chi trong ngén nuge & nhém, ddng thyi ¢
thé sir dung khi CQ dé tong hyp chét dinh drdng. Viéc chiét tach du tir sinh kibi vi tao 1a khau
rat quan tong trong qué trinhas xuat biodiesel. Qu to co the duoc tach ing phrong phap ép
ki thuat, Soxhlet, & dung CQ siéu 6i han haic dung moi héa éc [1, 2, 7, 8]. Phong phap
trich li diu béo tr sinh kii tao bang dung moi la pirong phap cho Bu qui chiét tach cao, &
dung cac dung méiér & kiém, ddng thoi khdng tiéu hao nlu ning lwong [5, 9, 10]. Trong bai
bédo nay, chdng téép trung nghién eu anh hréng aia cac lai dung moéi khac nhautiog nhr
anh hréng aia thyi gian va nhit do téi hiéu qua caa qué trinh clt tach du tio. Ching vi tio
duoc ar dung thube ho Botryococcus splay |a nmt loai vi tao chia ham drong diu cao,dic bict
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co6 chra & cac hydrocacbon ngoai cacitbéo. Ging theo tac gi[5], trong sinh ki vi tao kho
cua hp nay, krong chit béo chénj 14,3 %, condong hydrocacbon céim 9,1 %, tuy nhiéning
khang dinh cacdiéeu kién nubi @y, thu hach anh hréng Ién d¢én ham irgng chu c6 trong loai
tao nay.

2. THUC NGHIEM
2.1. Vat ligu

Sinh ki vi tao khd hy Botryococus sguoc thu muadi Vién Khoa hoc va Cong nghmoi
truong, Tturong Pai hoc Bach khoa Ha bl. Vi tao ho nay sau qué trinh nudhy duoc thu
hoach, ép tach msc sy bo va diy kho thanh sinh ki vi tao kho. Vi tio khdduoc ar dung truc
tiép vao qua trinh trich li ma khéng qua cadbtinh cté thém.

Cac hoa ciit dugc sr dung trong nghiénieu 1a laai tinh khiét va khéng én phii qua cac
quy trinh lam gch trge khi dua vao thi ngtéim.

2.1. Qua trinh chiét tach dau vi tao

Trong mdi thi nghiém, dong dung méi vao binkia da c6 con khéy tir, rdi cho fr tir lugng
tao da can vao binh, kidy nhe, lp sinh han ngoc, nhiét ké vao cac nhanhaa binh éu, nhanh
con hi day kin dé tranh thit thoat dung moi. B bép khudy tir, dat toc do khudy, gia nhét tir tir
cho FBn hop t6i nhiét d6 can dat, duy tri nhét 6 va tc do khudy dé trong siét thoi gian trich |i.

Sau khi hoanit qua trinh trich lidé ngwi hdn hop tio va dung méidi loc hdn hop nay
bing may bc hit chan khongé tach dch chét ra kiovi ba to. Dich chét duoc dua di chung
tach lai dung mdi. Dung mdi ébay hvi dugc ngrng t nhy sinh han lamanh bing nréc va thu
hdi vao binh clra dé tai sr dung. Lrong diu béo thuduoc dem candé xac dinh khdi lwong.
Khéi lugng to khd: 50 gam,uong dung mai: 400 ml. Ku st tach du (%) = (Mia/ Mo kho) X
100. Hiu suit nay xacdinh legng diu duoc tach ra so & luong sinh ki vi tao bandau. Dau
vi tao dugc xacdinh thanh phn héa hc bing phrong phap GC-MS trén may magcsky khi
GC6890-MS5898,d@t mao qin HT-5M.

2.2.Anh hwéng aia cac lai dung méi khac nhau 6i qué trinh trich li

Cac lai dung mdidugc sar dung: etanol, iso-propanol, n-hexan, n-heptan, tQIlh)ép hop
n-hexan/etanol & ti 1¢ the tich 1,5/1, bn hop dung mGi n-heptan/iso-propandll¢ the tich
1,5/1, kidi lugng tao khd: 50 gam, thtich dung moi: 400 ml, néti @6 trich li: 60 °C, tkyi gian
trich li: 10 h.

2.3. Khao sat cac $u té anh hwéng téi qua trinh trich li khi s & dung dung méi lbn hep
(hexan/etanol)

2.3.1.4nh heeng aia nhigt 6 trich i

Cac u t anh hrong dén qué trinh trich li baodn nhiét 4o, thoi gian, 1 1& thé tich
n-hexan/etanalurgc khao sat. Trong @i 1an khao sat, kidi luong vi tio khddua vao qua trinh
trich li dwoc giit khdngdoi 50 g, thé tich dung méi 400 ml. CAc thong khio sat nlr sau: nhit
do tir 40, 50, 60 va 76C; thoi gian tr 4, 6, 8, 10 va 12 gj ti 1¢ thé tich n-hexan/etanoirt1/1,
1,5/1, 2/1, 2,5/1, va 3/1.
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3. KET QUA VA THAO LUAN
3.1. Khao satanh hwéng aia cac lai dung moi khac nhau ©i qua trinh trich li

Hiéu qua caa qua trinh trich li ing dung méi hdéadt phi thudc rat nhiéu vao tinh tong
dong gita dung moi va cacaa tr can tach [3]. Cac thdngdsvat li cin duoc quan tam la:
mdmen dng arc, khi ning hoa tan, kihning o lién Kt hydro,do phan @c. Cac dung méi
khéng phanec s cho héu qui chiét tAch cao i cac chit khong phanec trong vi fio nhr cac
hydrocacbon. Cac dung méi pharcaru tién hoa tan cac éhcé arc (cac axit béo, triglyxerit,
photpholipid...) trong vido, dodo hiégu qua phan tach cac dhnay € cao ln. Théng throng,
vi tao chira it nhiéu cac lyp chit phan ac va @ khéng phan ec nén véc sr dung bn hop
dung mdi § cho hiu qua chiét tAch cao bn hin cac dung mdi drchira mot loai hop chit. Hiéu
Suit tach du trén cac lei dung méi khac nhadugc dua ra trong Bng 1.

Bang 1.Nghién dru chiét tach diu tio sr dung cac lai dung méi khac nhau
(nhiét d6 trich li 60 °C, tkvi gian 10 gb).

Dung méi
Hexan/et{Heptan/isoprqHeptan/etg
Etanol |lso-propanglloluen | n-hexan| n-heptdanol (v/v|panol (v/iv nol (viv

1,5/1) |1,5/1) 1,5/1)
gg‘uo'é“‘-’”g 9,115 | 4,105 2,065 | 5,67 6,34 16,20 7,13 16,20
Hiéu suit
3 R 18,23 8,21 4,13 11,34 12,68 (32,40 14,26 32,40
tach diu, %

Tir két qua ¢ bang trén ta c6 ththdy dung mdi toluen cho &l qua tach du thap nhit 4,13 %,
tiép theo 1a dung méi iso-propanol 8,21 %. Cac dunghe&an, heptan cho i qu tach cao
hon, lan lrot 1a 13,34 %, 12,68 % ning Vin thip hon dung modi etanol (18,23 %). Dung moi
hon hop giita n-heptan/iso-propanol choéhistit cao on cac dung mdi riéng & nhung lai
thip hon hdn hop dung méi hexan/etanol.3d hop dung méi n-heptan/etanol chaiigua tach
diu bing wi hé n-hexan/etanol (32,40 %).éKqui nay co th duoc giai thich do tinh cht phan
cuc cia cac lgi dung moi va kh nang thim thiu cia chiing qua mang bao vi to ding nhr
kha niang to kién Kt hydro \6i mang lipid d¢ia € bao. Etanol 1a dung moi phagrac(momen
ludng arc 1,55 Debye), c6 khning to lién Kt hydro manh nén ki nang tach cac ch co arc
cao lon hexan, heptan, toluenoh nira, khi ning thim thiu qua mangétbao va ki ning hoa
tan dia etanol cao dn nén h¢u qui tach ding cao bin han (thdng § kha ning hoa tan wa
etanol 1a 26,12 (J/cHt”®, cua hexan 1a 14, 71 (J3/EH?) [3], dong thdi c6 thé tachdugc nhiu
cac lyp chit c6 arc nhr xeton, axitcacboxylic, cAc ancol... Mg lai, hexan 1a dung mdi khéng
phan gc (mdémen kdng arc bing 0) nén cé kinang tach cac c¢h khong ac tot hon etanol.
Iso-propanol c6 mémenrdng arc la 1,615 Debye, caooh so i etanol nlwng khi ning hoa
tan hi kém ton, va kh ning to lién Kt hydro At yéu nén ki ning tdch kém én etanol.
Toluen 1a hydrocachon ¢m khéng phanec, kha ning tach cac ch béo it kém,ddng thi
tach hydrocacbonadlg mach thing € kém ron so i n-hexan va n-heptan. Dung mdi n-heptan
c6 mach cacbon daidn so i n-hexan nén khniang tach ét hon so i n-hexan.

Khi sir dung dung mdi Bin hop thi c6 ti¢ két hop dac tinh @ia ci hai loai dung moi niAm
tach & nhiing chit phan ac va khéng phanue trong € bao vi tio, bdi vay hiéu qua cia qua
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trinh trich li € dat cao lon trong Bn hop cac dung moi nay.inhitng phan tichy trén ta éng
c6 thé thiy hdn hop n-heptan/iso-propanol cééhi st thip hon so \6i hiéu st caa bn hop n-
hexan/etanol do tinh phang kha ning hoa tanga n hop dung moido kém lon. Hon hop n-
heptan/etanol va n-hexan/etanol céuhijua tach ing nhau rac du n-heptan tachtthon so \6i
n-hexandiéu nay co th do hiu suit tach 32,40 %4 1a héu suit tach 6i da aia laai vi tao nay
tai ti 16 dung mdi klo sat. Vi n-heptan c6 gia thanh cammhiu so i n-hexan nén ching toi
chon hé dung méi n-hexan/etandé khao sat cadiéu kién anh hrong dén qua trinh trich |i.

3.2. Khao séat cac $u té anh hwéng téi qua trinh trich li khi s @ dung dung méi Fbn hep
(hexan/etanol)

3.2.1.4nh heeng aia nhiét d6 trich i

D¢ khao satanh hréng aia nhigt do trich li t6i qua trinh trich li du vi tao ching toi gk
nguyén cac thongskhac, clithaydoi nhiét 46 cua qua trinh. & qua dugc dua ra trong Bng 2.

Bang 2.Anh hrong aia nhit do t6i qua trinh trich i (tbi gian 10 gb, ti ¢ thé tich hexan/etanol 1,5/1).

NHit d6 40 °C 50 °C 60 °C 70 °C 80 °C
Khéi lugng diu (g) 13,75 15,70 16,20 11,56 10,62
Hiéu stit (%) 27,50 30,14 32,40 23,12 21,24

Két qua trén cho thy khi ting nhit do trich i tir 40 °C 1én 60 °C thi Bu suit tach du
tang léndang K vi khi nhigt d6 ting € thicday qua trinh thm thiu cia dung méi vao bén trong
té bao va nang cao ktning hoa tana cac cht trong dung méi,ang Hc do hoa tan ¢a ching,
tr d6 ting higu qui cua qua trinh trich li. Khi nét d6 tang ©i 70 - 80 °C thi hiu suit tach du
lai giam_ xuong byi ¢ cac nhét ¢6 nay dung moida soi va bay &i rat manh, du cé sinh han
nguoc hdi luvu nhrng Van thit thoat ndt luong dung moidang I va khongdam bao hieu st
cia qua trinh trich li. B&naoh do, khi nhit d6 ting cao c6 thanh hrong ©i chit lugng aia diu
béo trong sinh ki vi tao.

3.2.2.4nh heeng aia thoi gian trich i

Chiing t6i éing tién hanh kko sat thi gian trich lidé tim ra khang thi gian i uu cho
qué trinh nay. Kt qua khao satduoc the hién trong Bing 3.

Bang 3.Anh hrong aia thyi gian i qua trinh trich |i (nHit d6 60°C, ti 18 thé tich hexan/etanol 1,5/1).

Thi gian 4 gor 6 gio 8 g 10 g 12 go
Khéi lugng diu (g) 9,36 11,155 15,06 16,20 16,20
Hiéu suit (%) 18,72 22,31 30,12 [ 32,40 32,40

Khi tang thoi gian trich |i héu qua caa qua trinhang din lén. Khang thoi gian tr 4-8 h,
hiéu siit cia qué trinhang 1én nhanh & trong khding thyi gian dau, khi ring d6 cac clat
trong dung mai con #ip thi Hc do hoa tan cac dh vao trong dung moi céii con cao [4], Hu
Suit tAch trongng ting tr 18,72 % |&n 22,31 % va 30,12 %. Sawi8lo giv chiét, nbng dd cac
chit trong dch chét 16n, toc d6 hoa tan ciim, hiéu suit tach &ing tir 30,12 % lén 32,4 %. Khi
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thoi gian tach 1a 12 @i thi higu suit tach vin khong &ing Ién i hau hét cac clat c6 khi nang
hoa tan vao dung moi @tida hoa tan hoan toan, vauntay, thoi gian tachang Ién rira thi hgu
qua tach wn khong &ng Ién, tiéu haoang lugng, Bn kém, lang phi. Quday c6 ti¢ ket luan
thoi gian chét tach 6i vu la 10 gb.
3.2.3.4nh heong aia ti 1é dung méi chit hexan/etanol

Khi sir dung dung mdi Bn hop giita hexan va etanol t& $in dung dugc uu diém cia ca
hai loai dung méi nay nim nang cao ki qua cia qua trinh clét tach. T 1é hexan/etanol&co

anh hrong Ion ti hiéu suit tach du. Bang 4 trinh bay & qua ciaanh hrong nay.

Bang 4.Anh hrong aia i 18 hexan/etanoli hi¢u suit tach du (nhiét o 60 °C, thyi gian 10 gb).

Hexan/etanol 3/1 2,5/1 2/1 1,5/1 1/1
Khoi lugng diu (g) 9,17 11, 58 18,68 16,20 14,10
Hiéu suit tach (%) 18,34 23,16 37,36 32,40 28,20

Dung méi etanol cho Bii stit tach cao bn dung méi hexan trong cumtiéu kién chiét
tach. Mbi dung mdi tié hién vai trd khac nhau trong qué trinh trich li caétala khoi sinh kHbi
vi tao. Khi hrong hexan/etanol cao (3/1; 2,5/1) théthua tach trong di thip. Diéu nay c6 th
dugc giai thich 1a dorgng etanol trong &n hop it nén kho tach @t dé cac yp chit khéng phan
cuc. Ngroc lai, khi lugng etanol nkiu hon, hexan thp hon thi ki kho tach trét dé cac clat
khong hac it phan gc. Thee € nghién Gu chira ing t 16 dung méi thich ép 1a 2/1.Pay la |
lé toi wu dé co the tach ngt cachdong thyi cac hydrocacbonimg nhr cac axit béo, cac
triglyxerit trong diu vi tio ho Botryococcussp. Hiéu stit tach du dat téi da 37,36 %, caodn
nhiéu so Wi lugng diu trich lidugc aing tir loai vi tao ndy (26,3 %) theo nghiére cia tac gi [9].

3.3. Xéacdinh thanh phin hoa hpc trong dau vi tao

Thanh plin d& bay hvi trong diu vi tao d& chét tach chi yéu |a cac hydrocachon, coi 1a
cac hyp chit khac \6i ham rong nho, chingda phin c6  trong nkd hon so \6i metyl este thu
duoc tir qué trinh metyl héa nérédlang tach ra I6p phia trén sau qua trinh metyl hoang
phuong phap GC-MSda phan tickiugc thanh phn va hamikgng céc lai cau tir c6 mit trong
dau, két qua thé hién trong Bing 5.

Chiing t6i @ing xacdinh duoc céc tinh cht ki thuat dic trung aia diu tio nhr chi 6 axit,
chi s iot. Bong thyi tir Bang 5 trén va @t o qua trinh tinh toan, cd &hrat ra ngt bang ng
guat \é thanh pln cia diu vi tao nhr Bang 6.

Bang 5.Thanh plin cac chit va cac §c axit béo trong &l vi tio ho Botryococcus sp.

STT '(I'phﬁg{c)uan bt | g top chit Cong thic ;;)hilnh plan,
1 2,308 Methyl isobutyl keton §.,0 1,70
2 2,383 n-butyl methyl cacbinol 68140 2,24
3 14,042 3, 7 — Dimethyl nonane 11824 0,81
4 14.783 Dihydroactinidiolide GH160, 0,25
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5 17,025 1-hexyl-3-methyl cyclopentane 1214 0,86
6 17,192 n-undecanol 1,0 0,95
7 17,558 n-heptadecane Hasg 26,49
8 19,767 Neophyltadiene 26E3s 0,65
9 20,142 Isobutylphtalate 166,50, 1,49
10 20,442 Octadecanol DB5-2896 186380 0,62

1,2-benzene dicarboxylic acid, 2-butoxy-2- 2,21
11 ] 21608 oxoethyl butyl ester g g C1gH2406
12 23,792 Phytol CooHacO 1,28
13 28,750 Heneicosane<N->(C21)DB5-2931 21HGa 0,37
14 29,142 Bis(2-ethylhexyl) phtalate 2483 1,36
15 29,242 Triphenylphosphine oxide 18815:0P 0,65
16 5,200 Palmitoleic, ester 1#815,04 3,41
17 5,383 Hexadecanoic, ester Ci17H340, 30,68
18 6,017 3,6-octadecadienoic, este 19HG4O, 0,03
19 6,467 Hexadecanoic, 14-methyl-, este C1gH360- 0,17
20 7,200 6,9,12-octadecatrienoic, este 19H5,0, 9,34
21 7,425 9,12-octadecadienoic(Z,2), este 19HG4O, 8,37
22 7,517 9-octadecenoic(Z), este C1oH360; 5,62
23 7,600 16-Octadecenoic, este 19HGs0, 1,65
24 7,900 Octadecanoic, este C1gH305 0,99
25 9,508 10-nonadecenoic, este 20HGsO, 0,12
26 10,958 7,10,13-eicosatrienoic, este 21Hz:05 0,33

Bang 6.Cac thanh pin hda e cia diu vi tao ho Botryococcus sp.
Tinh | Thanh plin bay i | Axitbéo | Triglyxerit, | Tong keong Chi s axit, | Chissiot,
chat | (chi yeu CiiHze),% | tw do, % % khoi daulvi tao mgKOH/g g 1,/100 g
khoi lirong khoi lwong kho, % kidi
lwong lwong

Giati | 39,02 29,48 31,5 37,36 58,2 38,0

C6 tht thdy, diu vi tao chra rt nhidu axit béo & do, triglyxerit va nit lwong Ibn
hydrocachon, trong6 hau hét 1a C/Hse Thanh phn cia diu vi tao ho Botryococcus spna
chang t6i xaalinh duoc phu lop véi cac Kt qua caa tac gi Dayananda (2010) [5]. Nghiérie
nay la tén dé cho cac nghiénua tiép theo ¢ tong hyp biodiesel i dau vi tao, con kha ri mé
& nuoc ta.

4. KET LUAN
D4 khio séat cac la dung mdi khac nhau cho qua trinh trichdudir sinh kibi vi tao kho

ho BotryococcusKeét qui cho thiy chiing céanh hréng khac nhau I1én & stit cia qua trinh
trich li dau tio tir sinh kibi tao. Cac dung mdidn hop thuong cho héu qua tach cao bn nhy
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két hop duoc kha nang tachdong thoi cac clit phan ac va khéng phanue. Dung mdi Bn hop
n-hexan/etanol cho &il qua tAch cao ndt trong cac lai dung méiduoc khio sat.

Anh hréng aia nhigt do, thoi gian trich li va t 1¢ thé tich n-hexan/etanoling da duoc
nghién ¢u. biéu kién ti wu cho qua trinh trich lial tao tr sinh kfoi tao la ti nhiét d6 60 °C,
thoi gian 10 g& trong dung moi n-hexan/etanol ddg 2/1 \e theé tich. Hiu st tach du dat
duoc l1a 37,36 % sodi khoi lugng o kho.

_ Bang phrong phap GC-MSia xacdinh dugc thanh phn héa hc cia diu vi tao va thiy
raing trong du vi tio co ndt lugng I6n hydrocacbon va cac axit bép to. Ham irong
hydrocacbon |1éndt khoang 30 %, &t thich lyp cho én xuat diesel ach tr nguwn hydrocacbon
nay.
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ABSTRACT

STUDY ON OIL EXTRACTION FROM MICROALGAE BIOMASS FORIODIESEL
SYNTHESIS

Nguyen Trung Thanh, Nguyen Dang Taabinh Th Ngo

Hanoi University of Science and Technology, 1 DaiMiet, Hanoi

"Email: dangtoanbkhn@gmail.com

This study examines the effects of various solyemtmperature, and reaction time on oil
extraction yield from microalga@otryococcus sphiomass. Different solvents were used
separately or in combination such as n-hexane,ptahe, toluene, ethanol, iso-propanol,
mixture of n-hexane/etanol and the mixture of ntheg/iso-propanol. The results showed that
with different conditions, the extraction yield waaried and the highest yield (37.36 %) can be
achived by using the solvent mixture of n-hexarafedl 2:1 (v/v) at temperature of 60 °C for
10 h.

Keywords:microalgae oil, biodiesel, extraction, biomassgkeable energy.
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